INTRODUCTION {#sec1-1}
============

Ultraviolet B (UVB) is a minor component of sunlight reaching to the earth surface, and is experimentally demonstrated to be the most effective light to induce skin cancer in animals.\[[@ref1]\] UVB radiation is a complete carcinogen, being able to initiate, promote, and advance the development of skin cancer.\[[@ref2][@ref3]\] Indeed, murine skin cancers induced by repeated exposure to UV radiation provides an excellent model system for investigating the molecular mechanisms of ultraviolet carcinogenesis. Experiments with animal models, particularly mouse, have already yielded a lot of data on how skin tumor development depends on dose, time, and wavelength of the UV-radiation.\[[@ref4]\]

Ultraviolet radiation causes both DNA damage and epigenetic effects in response to DNA damage.\[[@ref5]\] The epigenetic effects of UV radiation include changes in signalling and gene expression that regulate cell proliferation and survival in the short-term and contribute to skin cancer development in the long-term.\[[@ref6]\] Exposure to UV induces a number of pathological changes initiated in mammalian skin, including erythema, edema, epidermal hyperplasia, sunburn cell formation, immune suppression, and changes in expression of numerous genes associated with proliferation and differentiation and eventually skin cancer development.\[[@ref7]--[@ref9]\] Ultraviolet exposure results in the rapid activation of epidermal growth factor receptor (EGFR) by a reactive oxygen intermediate-mediated mechanism. In response to UV-induced activation, EGFR increases cell proliferation, suppresses cell death, and augments and accelerates epidermal hyperplasia. EGFR has been implicated previously in mouse skin carcinogenesis, because genetic ablation of the receptor reduces skin tumor growth.\[[@ref5][@ref6][@ref10]\] Skin exposure to UV radiation generates reactive oxygen species (ROS) in excessive quantities that quickly overwhelm tissue antioxidants and other oxidant-degrading pathways. Parenteral administration of various antioxidants may reverse UVB-induced changes in cell cycle profile and cell cycle regulatory proteins.\[[@ref11]\] Vitamin E and selenium appear to act synergistically, which function as a chain-breaking antioxidant and prevent the propagation of free radical reactions in all cells in the body.\[[@ref11]--[@ref13]\] Total antioxidant status (TAS) assays have been designed to determine overall antioxidant power of samples contributed by antioxidants and their interactions. Evaluation of TAS in body fluids has been used as one of the biological markers for monitoring oxidative stress in humans.\[[@ref14]\] The aim of this study was to demonstrate the EGFR protein expression in keratinocytes after UVB exposure by application of immunohistochemistry (IHC), to see the effect of antioxidants on EGFR expression in mouse skin upon UVB exposure and to compare the TAS in control, exposure, and treatment groups.

MATERIALS AND METHODS {#sec1-2}
=====================

Study area {#sec2-1}
----------

This study was carried out from October 22, 2010 to February 30, 2011, in Veterinary Medicine Teaching Hospital, University of Sulaimani, Histopathology Laboratory and Chemical Laboratory of Shorsh Hospital in Sulaimani Governorate/Kurdistan-Iraq.

Animal model {#sec2-2}
------------

After obtaining the approval of ethical committee, forty Albino mice of *Mus musculus* species, BALB/c strain of both sexes, four-weeks old underwent this experiment. They were allocated into three groups; 10 of which were considered as control group (not exposed and not treated with antioxidants); 15 of which were considered as exposure group (exposed to UVB light only); and 15 of which were considered as treatment group (exposed to UVB light and treated with antioxidants).

Treatment of mice with antioxidants {#sec2-3}
-----------------------------------

The antioxidants used in this study were as an injectable solution (Vitamin E as dl-α-tocopheryl acetate-50 mg/ml and Selenium as sodium selenite-0.5 mg/ml (ERFAN-DARW COMPANY LTD-IRAN) in a dose of 4 μl/1gm of body weight through subcutaneous injection (100 μl in a single dose). Mice were treated with antioxidants 3 days/week (at intervals-every other day) and exposed to UVB light 5 days/week throughout the whole experiment period (3 months).

Ultraviolet B irradiation {#sec2-4}
-------------------------

The source of irradiation was a lamp of 312 nm wavelength, 15 watts; VILBER-LOURMAT-FRANCE, with a calculated power of 53 mj/sec. Mice from both groups (exposure and treatment groups) were exposed to UVB light for 20 minutes and 5 days/week. This was done after making a window by shaving the mouse\'s back skin (2\*5cm). At the end of the experiment, incisional biopsies were taken from the shaved areas of the three groups. All animals were anesthetized using general anaesthetic (Xylazine-Ketamine for mouse: 0.1 ml/10 gm of body weight (CEVA SANTE ANIMALE-FRANCE, HOLDEN MEDICA-INDIA) as recommended dose intraperitonially (in a sterile 10 ml bottle with a rubber stopper, mix 1 ml of ketamine (100 mg/ml) + 0.1 ml of xylazine (100 mg/ml) + 8.9 ml of sterile water for injection). Biopsies were fixed in 10% neutral buffered formalin, processed, and embedded in paraffin blocks.

Blood collection and storage {#sec2-5}
----------------------------

Before taking biopsies, 0.5 ml of blood sample was collected from each animal in the control, exposure and treatment group via cardiac puncture. Each blood sample was collected into an eppendorf tube, incubated in an incubator at 37°C for 20 minutes. Serum was obtained after centrifugation at 5000 rpm for 5 minutes. The serum was collected into another eppendorf tube and used for TAS analysis.

Total antioxidant status assay {#sec2-6}
------------------------------

Total antioxidants were measured by the ABTS method using kits from RANDOX LTD UK, as per manufacturer\'s instructions. As per the method, metmyoglobin (peroxidase) present in the choromogen provided in the kit reacts with H~2~O~2~ to form ferrylmyoglobin, a free radical species. The chromogen also contains ABTS (2, 2'-Azino-di-\[3-ethylbenzthiazoline sulphonate\]) that reacts with ferrylmyoglobin to produce a radical cation, which has blue-green color and can be measured at 600 nm by spectrophotometer. Antioxidants present in the added serum cause suppression of this color production proportional to their concentration. Calibration of the assay was done using 6-hydroxy-2, 5, 7, 8-tetra-methylchroman-2-carboxylic acid. The results were expressed in mmol/l. Twenty micro litre-sample and 1 ml of chromogen were required for the assay.

Tissue biopsy preparation {#sec2-7}
-------------------------

Three sections of 5μm thickness were taken from each paraffin embedded tissue block. The first section was mounted on an ordinary slide for hematoxylin and Eosin staining for detection of any histological lesions. The second section was for Giemsa stain for mast cells counting, while the third section was mounted on a positively charged slide, then proceeding with the process of immunohistochemistry staining following the protocol that was supplied with the kit of anti-EGFR (SUPER SENSITIVE™ POLYMER-HRP IHC DETECTION SYSTEM, BIOGENEX-49026 MILMONT DRIVE / FREMONT CA 94538 / U.S.A.).

Scoring of immunohistochemical staining {#sec2-8}
---------------------------------------

Membranous staining of EGFR was quantified according to positive cell percentage and intensity into 4-point scale: 0 = 0% negative for no staining, 1 + ; \<25% positive cells for weak staining, 2 + ; 26-50% positive cells for moderate staining, 3 + ; \> 50% positive cells for strong staining. This score system was adopted according to two previous researches.\[[@ref15][@ref16]\]

Statistical analysis {#sec2-9}
--------------------

The data obtained from our observations were analyzed using ANOVA, Duncan\'s test, and Pearson\'s correlation.

RESULTS {#sec1-3}
=======

Control group {#sec2-10}
-------------

Grossly, skin of mice appeared normal. Histologically, skin sections revealed a normal epidermis which comprised of 2-3 layers and the dermis showed normal skin appendages except sweat glands \[Figures [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\].

![(a) Normal mouse skin appearance, after making a window. (b) Normal mouse skin histology, unexposed to radiation (H and E, ×100)](ABR-1-59-g001){#F1}

Exposure group {#sec2-11}
--------------

The gross pathological examination of exposure group, which appeared as slightly raised lesions, measured only a few mms in diameter, occasionally reaching a size of 2 centimeters with variable color, from light to black, most of them were tan or brown, rough, of friable consistency, some have smooth surface but characteristically show keratotic plugs \[Figures [2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"}\]. Irradiated group: UVB-induced epidermal tumor development, which was benign Seborrheic keratosis (SK), acanthotic type, in all cases with variable characteristics like acanthosis, hyperkeratosis and papillomatosis. Microscopical examination of acanthotic SK showed thickening of epidermal layers resulting from basaloid cell proliferation, presence of epidermal cysts filled with keratin (horn cyst) which is a common feature of SK. Some of these cysts resulted from enfolding of epidermis and are called pseudohorn cysts, with presence of squamous eddies \[[Figure 2d](#F2){ref-type="fig"}\]. Epidermis contained cells with basophilic nuclei and deeply eosinophilic cytoplasm and regarded as sunburn cells (SBCs) or apoptotic bodies \[[Figure 3a](#F3){ref-type="fig"}\]. The dermal changes showed infiltration of mononuclear inflammatory cells including macrophages and lymphocytes \[[Figure 3b](#F3){ref-type="fig"}\]. In addition, the dermis showed increasing number of typical inflammatory mast cells, which had basophilic granules in lower and upper dermis but especially in upper dermis surrounding blood capillaries \[Figures [4a](#F4){ref-type="fig"} and [b](#F4){ref-type="fig"}\].

![(a) Skin was thickened, black arrows showing two small elevated masses, (b) Showing large numbers of friable crusts, (c) Crusts were sloughed, (d) Microscopical appearance of seborrheic keratosis, acanthotic type (H and E, ×40)](ABR-1-59-g002){#F2}

![(a) Epidermis contained cells with basophilic nuclei and eosinophilic cytoplasm and regarded as sunburn cells (SBCs) or apoptotic bodies (white arrows), (b) Severe dermal inflammation (H and E, ×400)](ABR-1-59-g003){#F3}

![(a) Dermal mast cells (H and E ×400), (b) Dermal mast cells (Giemsa stain, ×400)](ABR-1-59-g004){#F4}

Treatment group with antioxidants {#sec2-12}
---------------------------------

Gross lesions were also variable according to severity of lesions. Grossly UVB-induced hyperplasia had thickening of skin of two-three folds increase than normal skin and was examined by hand touching (palpation), with loss of hair in some regions particularly for those cases that had moderate and severe lesions \[Figures [5a](#F5){ref-type="fig"}--[c](#F5){ref-type="fig"}\]. Microscopical examination showed increase number of epidermal layers and were classified according to the number of layers which led to thickening of the entire epidermis and regarded as; mild = 4-6 layers, moderate = 7-9 layers, severe = \> 10 layers \[Figures [5d](#F5){ref-type="fig"}--[g](#F5){ref-type="fig"}\]. In 15 cases of treatment group, 9 cases showed mild hyperplasia, 3 moderate hyperplasia, and 3 cases showed severe hyperplasia and in one of them acanthotic SK was observed. Epidermis also contained cells with basophilic nuclei and eosinophilic cytoplasm and regarded as SBCs or apoptotic bodies. The dermis showed decreasing number of inflammatory mast cells in comparison to exposure group \[Figures [6a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}\].

![(a) Thin skin appeared as normal, while in (b) and (c) 2-3 folds skin thickness was felt through palpation, (d) Normal epidermis (2-3 layers), (e) Mild epidermal hyperplasia of 4-6 layers, (f) Moderate epidermal hyperplasia of 7-9 layers and (g) Severe epidermal hyperplasia more than 10 layers (H and E, ×100)](ABR-1-59-g005){#F5}

![(a) Apoptotic bodies in exposure groups -White arrows-, (b) Apoptotic bodies in treated groups -White arrow- (H and E stain, ×400), (c) Line chart showing the total number of apoptotic bodies of both exposure and treatment groups](ABR-1-59-g006){#F6}

Total number of apoptotic bodies in 10 high power fields {#sec2-13}
--------------------------------------------------------

In the present study, the results revealed that there was a strong effect of antioxidants in reducing the effect of chronic UVB irradiation of tumor development in treatment group by decreasing the numbers of cell damage. Thus, the apoptotic bodies were decreased with a range of 1-10/10 HPFs and mean number of 3.467/10 HPFs, while apoptotic bodies were increased in exposure group with a range of 5-17/10 HPFs and mean number of 11.6/10HPFs \[Figures [6a](#F6){ref-type="fig"}--[c](#F6){ref-type="fig"}\], with a *P*-value of 0.0001 (according to F test), which indicated a highly significant difference of both groups, in mean number of apoptotic bodies and its role in reducing tumor development by antioxidants administration in treatment group and enhanced tumor development due to effect of chronic UVB irradiation in exposure group. Interestingly, the apoptotic bodies were highly expressed in areas of squamous differentiation of irritated SK but only slightly increased in other variants.

Mean number of mast cells in 1 high power field {#sec2-14}
-----------------------------------------------

When mast cells in 10 HPFs were counted in upper dermis in each case of exposure and treatment group, the results revealed that there was a strong effect of antioxidants in reducing the effect of chronic UVB irradiation in treatment group by decreasing number of mast cells and UVB enhancing immunosuppression by increasing number of mast cells in exposure group \[Figures [7a](#F7){ref-type="fig"} and [b](#F7){ref-type="fig"}\]. For example, mast cells number was decreased in treatment group with a range of 11-19/1 HPF and a mean number of 14.067/1 HPF, while mast cells increased in exposure group with a range of 18-26/1 HPF and mean number of 21.533/1 HPF, with a *P*-value of 0.0001 (according to F test), which indicated a highly significant effect of antioxidants in reducing mast cells and UVB increased mast cells for exposure group \[[Figure 7c](#F7){ref-type="fig"}\].

![Differences in the number of mast cells between two different fields, (a) exposure group (b) treatment group (Giemsa stain, ×400), (c) Line chart showing difference in mean number of mast cells in exposure and treatment groups](ABR-1-59-g007){#F7}

Results of immunohistochemical scoring of EGFR expression {#sec2-15}
---------------------------------------------------------

Immunohistochemical staining of EGFR in exposure and treatment groups showed membranous stain accumulation of EGFR protein and recognized as brown discoloration of the keratinocytes membrane. The EGFR protein expression was classified into 4 point-scales: 0; no staining, 1 +; \<25% positive cells for weak staining, 2 + ; 26-50% positive cells for moderate staining, 3 + ; \>50% positive cells for strong staining \[Figures [8a](#F8){ref-type="fig"}--[d](#F8){ref-type="fig"}\]. Results showed a remarkable effect of UVB in the exposure group because the treated group was partially protected by antioxidants as shown in [Table 1](#T1){ref-type="table"}. This proved that antioxidants had a highly effective role in reducing EGFR expression and reducing the effect of chronic UVB irradiation in the treatment group, while in the exposure group the EGFR expression was increased by UVB irradiation \[[Figure 8e](#F8){ref-type="fig"}\].

![EGFR scores. (a) Score 0, (b) Score 1+, (c) Score 2+ and (d) Score + (×400), (e) Column chart showing the effects of UVB on frequencies of EGFR expression scores in exposure group and treatment group](ABR-1-59-g008){#F8}

###### 

Scores of EGFR protein expression in both exposure group and treatment groups

![](ABR-1-59-g009)

Results of total antioxidant status measurement {#sec2-16}
-----------------------------------------------

Results revealed that there was a strong effect of antioxidants on TAS, which acted to reduce the effect of chronic UVB irradiation in treatment group, while in exposure group TAS was decreased due to the effect of chronic UVB irradiation. TAS mean value in control group was equal to 1.201mmol/l, which was used for comparison between exposure and treatment group \[Figures [9a](#F9){ref-type="fig"} and [b](#F9){ref-type="fig"}\] with a *P*-value of 0.0001 (according to F test), thus indicating a highly significant difference between TAS value in exposure group and TAS value in control group, while there was no significant difference between TAS value in the treatment and control groups.

![(a) Difference of TAS mean values among different groups. (b) TAS value for each case within control, exposure and treatment groups](ABR-1-59-g010){#F9}

DISCUSSION {#sec1-4}
==========

One significant finding of this study showed that a highly significant association between chronic UVB irradiation and development of Seborrheic Keratosis (SK) in exposure group, which probably indicated that UVB with a long duration and low power initiated and promoted tumor growth and probably was a factor to induce benign SK. This however is in disagreement with previous studies in which they described the etiology of SK as unknown,\[[@ref17]--[@ref20]\] but it is in agreement with Haw *et al*.\[[@ref21]\] This study was the only research on UVB as a causative agent in inducing SK. Therefore, our study was totally new in proving that UVB was an etiological factor in development of SK in mice. In our research work, EGFR expression increased in SK by chronic UVB irradiation in exposure group and this meant that EGFR had an important role in promoting SK development after initiation by UVB irradiation, which is in agreement with Cheng *et al*.\[[@ref22]\]

Apoptosis was highly expressed in the areas of squamous differentiation of irritated SK, but only mildly increased in the other varieties of SK. These data support the hypothesis that apoptosis has a role in the squamous differentiation of irritated SK as studied by Pesce and Scalora.\[[@ref23]\] In other studies a moderate increase was observed in the rates of apoptosis in all varieties of SK compared to normal skin\[[@ref24]\] and rates of apoptosis in SK were not significantly different from normal skin.\[[@ref25]\] Our findings revealed that apoptosis was increased in numbers in SK. This finding is in agreement with two previous researches\[[@ref23][@ref24]\] and is in disagreement with Bowen *et al*.\[[@ref25]\] This finding is due to the generation of excess levels of ROS, which is important for activation of internal cell programs for cell suicide (apoptosis) that are important protection mechanisms that kill cancer cells.\[[@ref26][@ref27]\]

Mast cells have been found to play a critical role in the suppression of immune reactions, which is not only producing inhibitory cytokines. Thus, mast cell infltration into tumor may possibly Remodel tumor microenvironment and profoundly influence tumor behaviour by participating and regulating inflammatory and immune reactions. However, although some studies have shown that mast cells promote tumor angiogenesis and tumor growth because of their properties as inflammatory cells, the roles of mast cells in tumor progression have been incompletely understood so far.\[[@ref28]--[@ref30]\] In this study we revealed that there was increase mast cell number in exposure group due to the effect of chronic UVB radiation and this is in agreement with Kligman and Murphy, Chacón-Salinas *et al*.\[[@ref31][@ref32]\] This is an indicator to a great functional link between UVB-induced immunosuppression and the development of at least some forms of skin tumors.\[[@ref33]\] UVB enhanced increase number of mast cells and development of SK in all mice in exposure group and this indicated a strong relationship between mast cells and SK development. No previous studies have mentioned increasing number of mast cells in SK in humans.

Total antioxidant status was measured in all groups and revealed that TAS values were decreased in exposure group, which was due to increased generation of free radicals and decreased antioxidant level in the body and as a result SK was developed. This finding is in agreement with previous studies in which antioxidant molecules in the skin interact with ROS or their by-products to either eliminate them or to minimize their deleterious effects.\[[@ref11][@ref34]--[@ref36]\] while in treatment group TAS level measurements in most cases were within normal range, which meant that administration of antioxidants reduced the effects of chronic UVB irradiation by neutralization of generated free radicals and antioxidants also reduced the development of SK (1 case out of 15). This meant supplementation of skin with antioxidants may compensate for UV radiation induced depletion and thereby preventing free radical damage. No previous studies mentioned anything about TAS analysis in mice and the effect of antioxidants on SK and up to our knowledge this study was first of its kind that showed the role of antioxidants in reducing SK development in mice. Vitamin E and selenium were effective in reducing tumor development in treatment group and showed reduction of activation of EGFR by antioxidants, reduced apoptosis and reduced mast cell infiltration, which played a role in tumorigenesis. This is in agreement with other published studies.\[[@ref37]--[@ref41]\] This study showed a highly significant correlation between TAS and EGFR expression (according to Pearson test) as shown in [Table 2](#T2){ref-type="table"}. No studies mentioned any clue about effect of antioxidants (Vitamin E and Selenium) on SK development and thus our result was the first to show such a finding.

###### 

Pearson\'s correlation between total antioxidant status and EGFR scores in treatment group

![](ABR-1-59-g011)

The decreased number of apoptotic bodies in treatment group was due to the action of antioxidants when compared to exposure group and showed a highly significant relationship (*P* = 0.0001) with associated decline in tumor development. Decreased number of apoptotic bodies was one of antioxidants effect which also reduced tumorigenesis in treatment group despite chronic UVB irradiation. In this study, antioxidants reduced apoptosis and this is in agreement with previous published studies,\[[@ref26][@ref27][@ref41]--[@ref43]\] and up to our humble knowledge no previous studies had ever published or documented the effect of antioxidants on apoptotic bodies in SK.

A highly significant effect of antioxidants in reducing number of inflammatory mast cells was observed in treatment group when compared to exposure group and this was due to the effect of antioxidants against immunosuppression by mast cells in SK development. There was no previous research about the role of antioxidants in decreasing mast cells number and SK development. This present study was first to prove it.

Our study showed that there was a highly significant correlation between mast cells and apoptotic bodies in exposure group. The apoptotic bodies and mast cells were increased, but in treatment group apoptotic bodies and mast cells were decreased (*P* = 0.0001) as shown in [Table 3](#T3){ref-type="table"}. This was related to effect of antioxidants in treatment group. No previous studies mentioned anything about this correlation, but in this study we succeeded to prove it.

###### 

Correlation between mast cells and apoptotic bodies in exposure group to mast cells and apoptotic bodies in treatment group

![](ABR-1-59-g012)

CONCLUSIONS {#sec1-5}
===========

UVB seems to be a causative agent which induced SK in mice through generation of ROS and immunosuppression which played a significant role in the pathogenesis of UVB-induced epidermal SK. *EGFR* expression is related to UVB irradiation in mice and this expression was increased in SK. Antioxidants reduced epidermal changes, tumor development, apoptotic bodies, and mast cell proliferation. TAS measurement was declined in exposure group and administration of antioxidants kept TAS levels measurement within normal range in most cases in treatment group.
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